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Where Are We Now?

In the current study, Rohrer and
colleagues [15] performed a single-
blinded randomized trial to

determine whether preoperative de-
colonization reduces surgical site
infections (SSIs) in a European ortho-
paedic surgery tertiary care center.
Twoweeks before elective orthopaedic
procedures, patients were screened

for methicillin-sensitive Staphylococcus
aurea carriers (MSSA) carrier status.
Two groups were formed, based on
whether patients carried MSSA or did
not carry that bacterium. Decolonization
was multimodal. The researchers found
no difference in the risk of SSI between
the decolonization and control groups,
both in carriers and noncarriers. Since
decolonization did not mitigate SSIs, the
medical community must seek other
protocols to reduce SSIs.

Generally, there are two categories
contributing to surgical complications
like SSI. The first is the surgeon, who
must take reasonable precautions
against infection and operate efficiently.
The second is the host, which some-
times is out of the surgeon’s control;
some patients carry nonmodifiable fac-
tors that increase their risk for SSI, but
in other respects, are good candidates
for elective orthopaedic surgery.

The current study [15] brings to light
that bacterial decolonization (of MSSA,
at least) is not effective against reducing
SSIs. We know that perioperative in-
travenous antibiotics can decrease SSIs.
So too, does patient selection and pre-
operative medical optimization. These
are preventive measures. A better un-
derstanding of effective treatment

protocols may provide insight into more-
effective preventive pathways. For ex-
ample, judicious use of intravenous anti-
biotics is paramount to prevent
emergence of resistant bacteria. We also
know that many infections are poly-
microbial and that treatment requires re-
moving all implants that may have a
biofilm. The biofilm is a glycocalyx
formed by bacteria, which is often re-
ferred to as the extracellular polymeric
substance (EPS). The EPS prevents anti-
biotics from reaching the deeply hidden
bacteria. Moreover, the EPS can shed
bacteria at any time point postoperatively
resulting in a late-onset SSI. Studies have
shown [1, 8, 12] that in fracture-related
infections, antibiotics may be used to
suppress the infection until union occurs,
and then the hardware can be removed.

Where Do We Need To Go?

Going forward, we need several things
to diagnose, prevent, and treat SSIs
more effectively. First, we need to de-
velop some point-of-care diagnostics;
the 5 to 10 or more days currently nec-
essary for culture results to finalize is
just too long in many situations. For
example, during the second stage re-
vision for an infected total joint arthro-
plasty, the surgeon and patient would
greatly benefit from reliable intra-
operative knowledge about whether the
infection is still present.
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We also need a better understanding
of biofilm formation. Surgeons who
treat infections cannot typically ascer-
tain the margins of infected and non-
infected tissue by visual inspection.
Surgeons who treat musculoskeletal
infections have adopted the principle of
excising amargin of healthy tissue along
with infected tissue from our orthopae-
dic oncology colleagues. Currently, this
tissue margin is a subjective boundary
based upon experience, and it may
not be the most effective method, as
evidenced by the high risk of recur-
rence following revision procedures for
infection [10, 13]. We need an objective
method of identifying infectionmargins,
especially when the medullary canal

may be involved. This process begins
with understanding that S. aureus spe-
cies have been identified in osteoblasts
and dermatocytes [10]. Therefore, in-
complete infection débridements are
probably commonplace, and this may
contribute to the frequent recurrences of
these infections. Tumor surgeons assess
for adequate tumor resection margins
based upon intraoperative biopsies, and
surgeonswho treat infectionsmayhave to
develop similar approaches. This would
depend upon establishing a method of
confirming bacteria-free margins, which
may come from new special stains for
bacteria, or PCR/deoxyribonucleic acid
(DNA) detection methods on bone and
soft-tissue samples.

While many strategies are currently
under development for improved SSI
management, simply using more anti-
biotics probably is not the answer.
Topical application before incision or
wound closure has shown mixed
results [1, 8, 12]. In fact, the CDC has a
position statement out against topical
application [7]. Generally, two argu-
ments are made against topicals. First,
they may induce resistant strains. The
second objection is rooted in the fact
that the reports of topical efficacy in the
spine often lacked controls. Therefore,
from an evidence-based perspective,
the conclusions from these studies [1,
8, 12] do not apply to other orthopaedic
infections. Immunization, vaccination,

Table 1. Emerging technologies in infection management [3].

Emerging technology Mechanism Characteristics

Biofilm detection Detect patient-formed antibodies to
biofilm through enzyme linked
immunosorbent assays [11].

Tests patient fluid including serum
[11].

Biofilm localization Immunoglobulin G will target specific
biofilm components and then
fluoresce localizing bacteria [16].

Touted to reveal pinpoint bacterial
location. Different microbial species
may be targeted.

Immunization and vaccination Similar to current viral vaccination
methods

Cannot account for bacterial antigen
expression variability or the sessile and
planktonic bacterial growth patterns.
Limited success in clinical trials
[2, 6, 9, 17].

Passive immunity Patient receives antibodies
preoperatively. Dual potential benefit
of bacterial detection and clearance
[4].

Ideal for immunocompromised
patients who may not respond
adequately to standard immunization
methods.

Controlled release of antibiotics Polylactic acid and polyglycolic acid During degradation, these polymers
may release antibiotics, antiseptic
agents, or bone morphogenic proteins
[13, 14]

Silver coating implants Silver ions disrupt bacterial enzymatic
processes

Resistance to silver never reported.
Depletion of silver coating may render
the implant vulnerable to biofilm
formation.

Implant surface roughness Enhanced bone formation at the bone-
implant bone formation may limit
biofilm formation, reducing infection
risk.

Bone formation on rough, but not
polished, subcutaneously implanted Ti
surfaces is preceded by macrophage
accumulation [5].
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and immune modulation, however, are
emerging approaches to infection pre-
vention and treatment (Table 1).

How Do We Get There?

Several promising nonantibiotic ther-
apeutics are nearing clinical readi-
ness for infection management. One
intriguing and promising area is
Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR), which
are the hallmark of a bacterial defense
system that forms the basis for
CRISPR-Cas9 genome editing tech-
nology. CRISPR has been pro-
posed as a treatment for human
diseases with a genetic cause. Its abil-
ity to modify specific DNA sequences
makes CRISPR a tool with the po-
tential to fix disease-causing muta-
tions and infections by drug-resistant
bacteria.

Alpha defensin is a molecule cur-
rently used as a marker for peri-
prosthetic joint infections.White blood
cells produce alpha defensin. If alpha
defensin is detected in a joint aspira-
tion, then the implication is that an
infection must be present because
white blood cells are detected in-
directly via alpha defensin levels.
Some patients with infections may lack
the ability to synthesize infection
fighting molecules such as alpha
defensin. Hypothetically, CRISPR
could be used to correct a genetic de-
fect in alpha defensin production and
improve one’s infection fighting capa-
bility. Furthermore, patients could be
screened for infecting fighting protein
deficiencies and treated accordingly
preoperatively.

One final treatment frontier cur-
rently only available for diagnostic
purposes are exosomes. Exosomes are
microvesicles shed from the mem-
branes of cells. They contain snippets

of ribonucleic acid, (RNA), which
regulates protein synthesis in target
cells. Exosomes function in a paracrine
like fashion. Since exosomes bud from
cell membranes, their surface markers
are identical to their cellular origin.
This specificity has enabled early de-
tection of cancers, cardiac, and neuro
diseases because cells in these disease
states shed numerous exosomes en-
hancing early detection. Due to their
protein synthesis, regulatory proper-
ties, and cellular specificity, exosomes
may treat certain diseases. For exam-
ple, in infection scenarios, a patient
could receive exosomes that would
target their white blood cells. The
exosomes would bind to white blood
cells, and then the exomeRNA would
enter the white blood cell, triggering
increased production of phagocytosis
proteins or even alpha defensin pro-
teins. This process of altering protein
synthesis is under investigation for
other disease treatments, including
myocardial infarctions and cerebro-
vascular events. Application in in-
fection prevention and treatment
would require establishing baseline
quantitative and qualitative exosome
expressions in patients with infections.
This information would provide in-
sight into the regulatory pathways for
all of the human defense factors in-
volved in infection. We would have to
identify which exosomes assist our
bodies in fighting an infection

Finally, we should devise a way to
either actively or passively increase se-
rum levels of select exosomes. Many of
the currently known exosomes are
numbered such as R-124 This exosome
is associated with neural recovery
after strokes. Researchers are currently
looking at ways to increase R-124
exosome levels in animal stroke models
to enhance recovery. Something similar
would be done for infections.
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15. Rohrer F, Nötzli H, Risch L, Bodmer T,
Cottagnoud P, Hermann T, Limacher A,
Fankhauser N, Wagner K, Brügger J.
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